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ROAD RATER 

DYNAMIC DEFLECTIONS FOR DETERMINING STRUCTURAL RATING 

OF 

FLEXIBLE PAVEMENTS 

Summary 

The Road Rate r  is a dynamic d e f l e c t i o n  measuring appa- 

r a t u s  f o r  f l e x i b l e  ba se  pavements. The Road Rater  r e p l a c e s  

t h e  Benkelman Beam which was l a s t  used by t h e  Iowa DOT i n  

1977. Road Ra te r  test  r e s u l t s  c o r r e l a t e  r ea sonab ly  w e l l  

( c o r r e l a t i o n  c o e f f i c i e n t  = 0.83) w i t h  Benkelman Beam test  

d a t a .  The b a s i c  d i f f e r e n c e s  between t h e  Road Ra te r  and 

Benkelman Beam a r e  a s  fo l lows :  

1. The Benkelman Beam uses  a s t a t i c  18,000 1b. 
load  w h i l e  t h e  Road Rate r  u se s  a dynamic 
800 t o  2,000 l b .  load ing .  

2 .  The Road Ra te r  t e s t s  much f a s t e r  and more 
economical ly  t han  t h e  Benkelman Beam. 

3 .  The Road Ra te r  b e t t e r  s i m u l a t e s  a moving 
t r u c k  than  t h e  Benkelman Beam. 

The b a s i c  o p e r a t i n g  p r i n c i p l e  of  t h e  Road Rate r  is t o  

impar t  a  dynamic l oad ing  and measure t h e  r e s u l t a n t  movement 

o f  t h e  pavement w i t h  v e l o c i t y  s enso r s .  Th i s  d a t a ,  when 

p r o p e r l y  a d j u s t e d  f o r  t empera ture  by u s e  o f  a  nomograph in -  

c luded  i n  t h i s  r e p o r t ,  can be used t o  de te rmine  pavement l i f e  

expectancy and e s t i m a t e  o v e r l a y  t h i c k n e s s  r e q u i r e d .  Road 
, . 
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Rate r  t e s t i n g  w i l l  b e  conducted i n  t h e  s p r i n g ,  when pave- 

ments a r e  i n  t h e i r  weakest  c o n d i t i o n ,  u n t i l  s e a s o n a l  c o r r e c -  

t i o n  f a c t o r s  can  be  developed.  

The Road Ra te r  does  no t  have s u f f i c i e n t  ram weigh t  t o  

e f f e c t i v e l y  e v a l u a t e  l oad  c a r r y i n g  c a p a c i t y  o f  r i g i d  pave- 

ments. A l l  r i g i d  pavements r e a c t  s i m i l a r l y  t o  Road Rater  

t e s t i n g  and g e n e r a l l y  d e f l e c t  f r o m  0.65 t o  1.30 m i l s .  Re- 

s e a r c h  w i l l  be c o n t i n e d  t o  e v a l u a t e  r i g i d  pavements w i th  

t h e  Road Ra te r ,  however. 

The Road Ra te r  h a s  proven t o  be a  r e l i a b l e ,  t r o u b l e -  

f r e e  pavement e v a l u a t i o n  machine. The d e f l e c t i o n  appa ra tu s  

was o r i g i n a l l y  front-mounted,butwas rear-mounted d u r i n g  t h e  

w i n t e r  o f  1977-78. S i n c e  t h a t  t ime ,  van hand l ing  h a s  g r e a t l y  

improved, and f r o n t  suspens ion  p a r t s  a r e  no longer  o v e r s t r e s s e d  

due  t o  improper weight  d i s t r i b u t i o n .  

Conclus ions  

The Road Ra te r  p rov ides  a  f a s t ,  economical,  nondest ruc-  

t i v e  test method t o  e v a l u a t e  f l e x i b l e  pavements. Road Rater  

tes t  d a t a  can be used t o  p r e d i c t  pavement l i f e ,  set p r i o r i -  

t ies  f o r  a s p h a l t i c  c o n c r e t e  r e s u r f a c i n g ,  and des ign  a s p h a l t i c  

c o n c r e t e  o v e r l a y s .  

Temperature and s e a s o n a l  v a r i a t i o n s  s i g n i f i c a n t l y  a f f e c t  

Road Ra te r  d e f l e c t i o n  r ead ings  and must be cons idered .  A 



nomograph included i n  t h i s  r e p o r t  a d j u s t s  f o r  t empera ture ,  

b u t  does  n o t  c o r r e c t  f o r  s e a s o n a l  e f f e c t .  Road Ra te r  t e s t -  

i n g  w i l l  b e  conducted i n  t h e  s p r i n g  u n t i l  s ea sona l  c o r r e c t i o n  

f a c t o r s  can  be developed. 

The Road Ra te r  has  n o t  s u ~ c e s s f u l i ~  eva lua t ed  r i g i d  pave- 

ments,  b u t  r e sea rch  w i l l  c o n t i n u e  i n  t h i s  a r ea .  

Recommenda t ions  

Recommendations f o r  c o n t i n u i n g  Road Rate r  r e s e a r c h ,  eva lu-  

a t i o n  and a p p l i c a t i o n  a r e  a s  fo l lows :  

1. A computer program should  be  e s t a b l i s h e d  t o  
reduce  Road Rate r  raw d a t a  (Range and Sensor 
r e a d i n g )  t o  mean d e f l e c t i o n  ( M i l s )  and/or 
s t r u c t u r a l  r a t i n g .  Th i s  computer p r i n t o u t  
would b e  s i m i l a r  t o  p r e s e n t  f r i c t i o n  t e s t i n g  
p r i n t o u t s ,  and would g r e a t l y  reduce Road 
Ra te r  d a t a  r e d u c t i o n  manpower needs and c o s t s .  

2. Seasona l  v a r i a t i o n  s t u d y  should  con t inue  t o  
deve lop  s e a s o n a l  c o r r e c t i o n  f a c t o r s .  Seasona l  
test  roads  w i l l  be s t u d i e d  c o n c u r r e n t l y  w i t h  
r o u t i n e  t e s t i n g  d u r i n g  1979 t o  develop t h i s  
r e l a t i o n s h i p .  A l l  Road Ra te r  t e s t i n g  w i l l  be 
conducted i n  t h e  s p r i n g  u n t i l  t h e  s ea sona l  
r e l a t i o n s h i p  is e s t a b l i s h e d .  

3 .  An a s p h a l t i c  c o n c r e t e  o v e r l a y  des ign  method 
should  be e s t a b l i s h e d  based on Road Rater  de- 
f l e c t i o n  r ead ings .  The AASHTO I n t e r i m  Guide 
f o r  Design o f  Pavement S t r u c t u r e s  1972 w i l l  
b e  used a s  a  ba se  document f o r  t h i s  s tudy .  

4. AASHTO S t r u c t u r a l  numbers should  be compared 
t o  Road Rate r  S t r u c t u r a l  Ra t ings  d u r i n g  1979 
on a s p h a l t i c  c o n c r e t e  o v e r l a y  p r o j e c t s .  Th i s  
a n a l y s i s  w i l l  e n a b l e  u s  t o  r e f i n e  Road Rate r  
e v a l u a t i o n  o f  f l e x i b l e  pavements. Roads w i l l  b e  
t e s t e d  b e f o r e  r e s u r f a c i n g  and s e v e r a l  months 



a f t e r  r e s u r f a c i n g  ( f o r  c u r i n g  and t r a f f i c  
compaction) t o  c o r r e l a t e  o v e r l a y  t h i cknes s  
w i t h  s t r u c t u r a l  upgrading,  

5. An inven to ry  of  a l l  f l e x i b l e  pavements on 
t h e  Primary System should  b e  cons idered  f o r  
t e s t i n g  w i t h  t h e  Road Rate r .  Th i s  i n f o r -  
mation would b e  va luab l e  i a n s t i m a t i n g  long- 
range  r e s u r f a c i n g  needs.  

I n t r o d u c t i o n  - 
The d e f l e c t i o n  o f  a  f l e x i b l e  pavement is a  good ind i ca -  

t i o n  o f  t h e  l oad  c a r r y i n g  c a p a c i t y  o f  t h a t  road.  The l i f e  

expec tancy  o f  t h e  pavement is dependent on t h e  d e f l e c t i o n  

and t h e  number o f  t i m e s  it is  d e f l e c t e d .  To measure pave- 

ment d e f l e c t i o n  under a  load ,  t h e  Benkelman Beam was developed.  

The Benkelman Beam became a  wide ly  used s t anda rd  t e s t  f o r  de- 

f l e c t i o n  o f  a  f l e x i b l e  pavement under a  s t a t i c  load .  

T o m o r e  c l o s e l y  s i m u l a t e  a  r o l l i n g  t r u c k  t i re ,  methods of  

dynamic d e f l e c t i o n  t e s t s  were sought ,  i nc lud ing  f a l l i n g  bod ie s ,  

t h e  Dyna f l ec t  and t h e  t h e  Road Ra te r .  

S e l e c t i o n  o f  a  T e s t  System 

A meet ing was h e l d  November 10 ,  1975, i n  t h e  O f f i c e  o f  

M a t e r i a l s  Labora tory  f o r  t h e  purpose  o f  d e c i d i n g  which dyna- 

mic d e f l e c t i o n  measurement dev i ce  t o  purchase ,  t h e  Dyna f l ec t  

o r  Road Ra te r .  

A number o f  s t a t e  highway depar tments  and one p r i v a t e  

t e s t i n g  f i r m  had been con tac t ed  p r i o r  t o  t h e  meeting i n  o r d e r  



t o  accumulate d a t a  on t h e  Road Ra te r  and Dynaf lec t .  Most 

agenc i e s  had expe r i ence  w i th  e i t h e r  t h e  Dynaf lec t  o r  Road 

Ra te r ,  b u t  n o t  bo th .  However, t h e  Pennsylvania Department 

o f  T r a n s p o r t a t i o n  had used b o t h  and s t r o n g l y  recommended 

t h e  Road Rate r .  The Kentucky Department o f  T r a n s p o r t a t i o n  

and Pavement T e s t i n g  Corpora t ion  used t h e  Road Ra te r ,  b u t  

have l i m i t e d  expe r i ence  w i th  t h e  Dynaf lec t .  Both of  t h e s e  

agenc i e s  recommended t h e  Road Rate r .  The o t h e r  agency u s i n g  

t h e  Road Rate r  was t h e  Maryland Department of  T ranspo r t a t i on .  

The s t a t e s  con tac t ed  u s i n g  t h e  Dyna f l ec t  were South Dakota, 

Nebraska, North Dakota and Utah. These s t a t e s  w e r e  s a t i s -  

f i e d  w i t h  t h e  Dyna f l ec t ,  b u t  had no exper ience  w i t h  t h e  Road 

Ra te r .  

Iowa pe r sonne l  t r a v e l e d  to  Nebraska t o  observe  t h e  opera-  

t i o n  o f  a  Dyna f l ec t .  Maintenance o p e r a t i o n  and a p p l i c a t i o n  o f  

test d a t a  were d i s c u s s e d  w i t h  Nebraska personne l .  Acuta l  t e s t -  

i n g  was t hen  observed.  The t e s t i n g  t ime was found t o  be about  

1 minute and 35 seconds p l u s  d r i v i n g  t i m e  between t e s t s .  

From t h e  let ters and d i s c u s s i o n  w i t h  t h e s e  agenc i e s  and 

from brochures  from t h e  maufac ture rs  o f  t h e  Dynaf lec t  and Road 
I 

Rate r  many d i f f e r e n c e s  were observed.  These d i f f e r e n c e s  were 

d i s c u s s e d  a t  l e n g t h  a t  t h e  meeting.  Some of  t h e  d i f f e r e n c e s  

a r e  no ted  i n  t h e  t a b l e  on t h e  nex t  page. 



cost & 
Equipment 

Dynaf l e c t  Road Ra te r  

$14,050 inc lud ing  t r a i n i n g ;  $25,000 Van: 
t r a i l e r  u n i t ;  one meter: 4 meters and 
5 s e n s o r s  4 s e n s o r s  

Changing May be changed, b u t  w i t h  Changed by 
Dynamic Fre-  much d i f f i c u l t y  r o t a r y  swi t ch  
quenc y 

Changing May be changed, b u t  w i th  Changed by 
S t a t i c  Load some d i f f i c u l t y  h y d r a u l i c  va lve  

Changing Very d i f f i c u l t  to  do 
Dynamic Load 

Time of  T e s t :  
S h o r t  I n t e r v a l  1 minute  
Long I n t e r v a l  2 3/4 minute 

Sensor  C a l i -  One o r  tw ice  each day 
b r a t i o n  

Changed b y  a 
v a r i a b l e  
r e s i s t o r  

Approx. 1 minute 
Approx. 2 min. + % 

Fac to ry  c a l i b r a t e d  

Maintenance c o s t s  a r e  unknown. Both 
c o r r e l a t e  t o  t h e  Benkelman Beam and 
a r e  r e p e a t a b l e .  

I t  was no ted  t h a t  t h e  Road Rate r  had p rov i s ion  f o r  vary- 

i n g  t h e  load .  Th i s  v e r s a t i l i t y  provided p o t e n t i a l  f o r  i n v e s t i -  

g a t i n g  t h e  e f f e c t s  o f  l oad  and f requency  changes on pavement. 

Also,  t h e  Road Ra te r  can  d i s t i n g u i s h  between roads  o f  b e t t e r  

q u a l i t y  where t h e  Dyna f l ec t  cannot .  The reason  f o r  t h i s  i s  

t h a t  t h e  g r e a t e r  l o a d  u sed  by t h e  Road Ra te r  w i l l  c ause  l a r g e r  

d e f l e c t i o n s .  The a b i l i t y  t o  change t h e  f requency w i l l  enab l e  

t h e  Road Ra te r  to g e t  a c c u r a t e  r ead ings  on roads  w i t h  low re- 

sonan t  f r equenc i e s .  

The Dyna f l ec t  is a t r a i l e r  u n i t  and would have been towed 

by a van used f o r  Road Roughness and CHLOE P ro f i l ome te r  tests. 



A c o n f l i c t  could be  p o s s i b l e  i n  t h e  event  two of t h e s e  tests 

were needed a t  t h e  same t i m e .  The Road Rater  which comes 

with i ts  own v e h i c l e  would e l i m i n a t e  t h i s  problem. However, 

a t  t imes  when t h e  Road Rater  is n o t  be ing  used t h e  van may be 

used f o r  o t h e r  a c t i v i t i e s .  

Although t h e r e  was a  s u b s t a n t i a l  d i f f e r e n c e  i n  c o s t  o f  

t h e  two test machines, it was f e l t  t h a t  t h e  g r e a t e r  c o s t  o f  

t h e  Road Rate r  was warranted.  The Road Rater  i s  s l i g h t l y  

f a s t e r ,  much more v e r s a t i l e  and inc ludes  more equipment. 

The d e c i s i o n  was made t o  purchase  t h e  Road Rate r .  

Road Rate r  

The Road Rate r ,  produced by Foundation Mechanics Divi-  

s i o n  o f  Wylie Labora to r i e s ,  is an e l e c t r o n i c a l l y  c o n t r o l l e d  

h y d r a u l i c a l l y  powered u n i t  mounted i n  t h e  r e a r  o f  a  van type  

v e h i c l e  (F igu re  1 and 2 ) .  A s e r v o  valve a l lows a  p u l s a t i n g  

flow o f  hydrau l i c  f l u i d  t h a t  impar t s  a  movement i n t o  a  l a r g e  

mass mounted i n  t h e  c e n t e r  o f  t h e  t e s t  mechanism. The r e s u l -  

t a n t  movement of  t h i s  mass produces a  f o r c e  t h a t  is a p p l i e d  

t o  t h e  pavement. Through e l e v a t i n g  c y l i n d e r s , p a r t  o f  t h e  

we igh t  o f  t h e  v e h i c l e  is a l s o  u t i l i z e d .  The dynamic load ing  

v a r i e s  from 800 t o  2,000 l b s .  The f o r c e  be ing  a p p l i e d  t o  t h e  

pavement is monitored by a  v e l o c i t y  s enso r  a t t a c h e d  t o  t h e  t o p  

o f  t h e  two-way h y d r a u l i c  ram t h a t  produces themovement.  The 



Figure 1. Road Rater Van 

Figure 2. Road Rater Mechanism, Rear V i e w  
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r e s u l t a n t  movement o f  t h e  roadway s u r f a c e  is measured by 

i d e n t i c a l  v e l o c i t y  s e n s o r s  t h a t  a r e  lowered t o  t h e  s u r f a c e  

(F igu re  3 ) .  An e l e c t r o n i c  conso l e  (F igu re  4 )  c o n t a i n i n g  

the c o n t r o l s  t o  r e g u l a t e  t h e  f requency (10,  20, 25, 30 & 

40  h z )  o f  l oad ing  is l o c a t e d  i n s i d e  t h e  v e h i c l e ,  nex t  t o  

t h e  d r i v e r .  The r e s u l t a n t  movement a s  measured by  t h e  road- 

way v e l o c i t y  s e n s o r s  is  d i s p l a y e d  on mete rs  con ta ined  i n  t h e  

conso le .  The h y d r a u l i c  and e l e c t r i c a l  power is supp l i ed  by 

an a u x i l i a r y  eng ine  mounted i n  t h e  r e a r  o f  t h e  van. 

For normal o p e r a t i o n s  t h e  Road Rate r  c r e w  c o n s i s t s  o f  

f o u r  people :  A d r i v e r - o p e r a t o r ,  r e c o r d e r  and t w o  d r i v e r s  of  

s i gn -ca r ry ing  s a f e t y  veh i c l e s .  For h igh  t r a f f i c  freeways,  

an  a d d i t i o n a l  d r i v e r  and v e h i c l e  w i th  a  s e q u e n t i a l  f l a s h i n g  

arrow a r e  r e q u i r e d .  

The Road Ra te r  r e q u i r e s  on ly  20 t o  30 seconds per  t e s t .  

Far  more p r o j e c t s  can b e  t e s t e d  w i th  t h e  Road Rate r  than  is 

p o s s i b l e  w i th  t h e  Benkelman Beam. The Road Rate r  mechanism 

h a s  had o n l y  minor problems. An a i r  p r e s s u r e  t a n k  and a  

p r e s s u r e  gauge a r e  c a r r i e d  i n  t h e  v e h i c l e  f o r  d a i l y  checks o f  

t h e  a i r  c u s h i o n s o n  t h e  t e s t  mechanism. Some adjus tment  o f  

h y d r a u l i c  p r e s s u r e  has  been r equ i r ed .  The replacement  o i l  

f i l t e r s  f o r  t h e  h y d r a u l i c  system have s h o r t e r  s e r v i c e  l i f e  

t h a n  t h e  o r i g i n a l  Lentz f i l t e r  and f r e q u e n t  replacement is 

neces sa ry .  

9 



Figure 3 .  Veloci ty Sensor Lowered t o  t h e  Surface 

Figure 4. The Console with Controls  and Display Meters 
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The Road Ra te r  t e s t  appa ra tu s  was o r i g i n a l l y  f r o n t -  

mounted on a  Ford Van, (F igu re  5 )  

F i g u r e  5. Road Rate r  a s  O r i g i n a l l y  F ron t  Mounted 

A f t e r  t h e  1976 season ,  it was d i s cove red  t h a t  t h e  exces-  

s i v e  weight  had d i s t o r t e d  t h e  f r o n t  suspens ion ,  T e s t i n g  was 

suspended d u r i n g  March and A p r i l  o f  1977. S t ronger  s p r i n g s  

were i n s t a l l e d  f o r  t h e  1977 season ,  b u t  t h e  problem r e t u r n e d  

i n  November. Even when p r o p e r l y  a l i g n e d ,  t h e  handl ing  q u a l i -  

t i e s  o f  t h e  v e h i c l e  were poor because  o f  improper weigh t  d i s -  

t r i b u t i o n .  A f t e r  t h e  1977 season,  t h e  Road Rater  was r e t u r n e d  

t o  t h e  Foundat ion Mechanics Fac to ry  i n  C a l i f o r n i a  where t h e  

tes t  mechanism was moved from t h e  f r o n t  to  t h e  r e a r  o f  t h e  van. 

Th i s  so lved  t h e  v e h i c l e  suspens ion  and handl ing  problems. 



Manpower r e s t r i c t i o n s  l i m i t e d  Road Rate r  t e s t i n g  i n  some 

a r e a s  o f  p o t e n t i a l  use .  Rout ine  t e s t i n g  was conducted May 

through August, 1977 and June  and J u l y ,  1978. Seasonal  v a r i -  

a t i o n  t e s t i n g  was conducted May through November, 1977 and 

A p r i l  through September, 1978. Temperature v a r i a t i o n  t e s t s  

were conducted through November, 1977. 

C o r r e l a t i o n  o f  t h e  Road Rate r  and Benkelman Beam 

A l l  o f  t h e  Iowa DOT'S prev ious  pavement d e f l e c t i o n  d a t a  

a r e  a v a i l a b l e  from Benkelman Beam s t u d i e s  which have proven 

t o  be r e l i a b l e .  I f  t h e  Road Ra te r  would a l s o  y e i l d  r e l i a b l e  

d a t a  i n  r ega rd  t o  s t r u c t u r a l  adequacy, t h e r e  should  be a 

good c o r r e l a t i o n .  

The pavement d e f l e c t i o n  t e s t i n g  program inc ludes  s p e c i a l  

r e q u e s t s  b y  e i t h e r  t h e  S o i l s  Design Engineer ,  t h e  M a t e r i a l s  

Bituminous Engineer ,  t h e  Construe  t i o n  Bituminous Engineer o r  

the Research Engineer.  These r e q u e s t s  a r e  made t o  e v a l u a t e  

r o a d s  of q u e s t i o n a b l e  load  c a r r y i n g  c a p a c i t y ,  s t r e n g t h  ga in  

from r e s u r f a c i n g ,  exper imenta l  p r o j e c t s  o r  performance of  

s e l e c t e d  roadways. Roadways w i t h  a wide range o f  s t r u c t u r a l  

adequacy w e r e  s e l e c t e d  from t h e s e  r e q u e s t s  f o r  u s e  i n  t h e  

c o r r e l a t i o n .  

The Road Ra te r  d e f l e c t i o n  va lue  wasdetermined i n  t h e  ou t -  

s i d e  wheelpath  a t  a s e l e c t e d  s t a t i o n  o r  mi l epos t .  The Road 

Ra te r  t e s t  procedure  is  g iven  i n  Iowa T e s t  Method No. 1009-A 



(Appendix A ) .  For t h i s  t e s t i n g ,  the  values f o r  sensors 

No. 1, N o .  2 and No. 3 were recorded. The Benkelman Beam 

de f l ec t i on  was determined a few minutes l a t e r  a t  t h e  same 

locat ion .  The data  f o r  t h i s  co r r e l a t i on  was taken from 

t en  d i f f e r e n t  roadways and includes 69 individual  t e s t  

locat ions .  The Benkelman Beam data was compared separa te ly  

t o  t he  data  from each of the  t h r ee  sensors  of t h e  Road 

Rater. The co r r e l a t i on  coe f f i c i en t s  were 0.83 f o r  Sensor 

#1, 0.64 fo r  Sensor #2 and 0.79 fo r  Sensor #3. Sensor #1 

i s  located between t h e  contac t  f e e t  t h a t  apply t h e  load t o  

t h e  pavement. Sensor #2 is 1 2  inches from Sensor #1 and 

Sensor #3 i s  24 inches from Sensor #l. 

Multiple sensors  ind ica te  the  shape of t he  de f lec t ion  

d ish .  Only t he  data  from Sensor #1 was used a s  it yielded 

t h e  b e s t  co r r e l a t i on  coe f f i c i en t .  The p l o t  of t h i s  corre-  

l a t i o n  i s shown in  Figure 6. The conversion formulas from 

t h i s  co r r e l a t i on  are:  

Both t he  Road Rater (RR)  and t he  Benkelman Beam (BB) a r e  

expressed i n  thousandths of an inch (0.001") o r  m i l s .  The 

c o r r e l a t i o n  c o e f f i c i e n t  of 0.83 is  n o t  a s  good a s  des i red .  

A s im i l a r  co r r e l a t i on  i n  Ca l i fo rn ia  yielded a co r r e l a t i on  

c o e f f i c i e n t  of 0.89. The i n a b i l i t y  t o  obta in  a  b e t t e r  corre-  

l a t i o n  may be due t o  comparing a dynamic test  t o  a  s t a t i c  test .  



Figure 6 .  Correlation o f  The Road Rater and Benkelman Beam. 



Proponents of dynamic t e s t i n g  claim t h a t  because t r a f f i c  

p resen t s  a dynamic loading t h a t  roadways should be t e s t e d  

dynamically. This co r r e l a t i on  should be s u f f i c i e n t  f o r  

comparing fu tu r e  Road Rater r e s u l t s  with pas t  Benkelman 

Beam s tud i e s .  I t  a l s o  supports  t he  r e l i a b i l i t y  of t he  

de f l ec t i on  data  obtained by t h e  Road Rater. Benkelman 

Beam da ta  was obtained annually,  b u t  was not systemati- 

c a l l y  u t i l i z e d  f o r  pavement design. During 1977, only one 

s p e c i a l  p ro j ec t  was t e s t ed  with t he  Benkelman Beam. In 

1978, no Benkelman Beam tests w e r e  conducted and the  

Benkelman Beam tes t  t ruck  was sold.  

Seasonal Variat ions 

Seven p ro j ec t s  w e r e  s e l ec t ed  fo r  a seasonal va r i a t i on  

s tudy i n  c e n t r a l ,  north c e n t r a l  and southwestern Iowa. 

MonthLy t e s t i n g  was scheduled from spr ing thaw through win- 

te r  freeze-up beginning i n  1977. A record drought beginning 

i n  l a t e  1976 produced unusual subgrade conditions.  Addi- 

t i o n a l  da ta  w i l l  be required before  a normal seasonal va r i -  

a t i o n  r e l a t i onsh ip  can be determined. Roadways t e s t e d  f o r  

seasonal  va r i a t i on  i n  1977 and 1978 w e r e :  

Route -- Courty From - To 

1. Ia .  175 Hamilton 1-35 Radcliffe  
*2. Ia .  7 Webster Calhoun US 169 

Co . Line 



Route County From - To 

3 .  l a .  4 Gu th r i e  Panora I a .  141  
4. I a .  89 Boone Woodward Madrid 
5. I a .  210 S t o r y  S l a t e r  US 69 
6.  US 71 Cass N. Jc t .  A t l a n t i c  

Iowa 92 

7 .  l a .  107 F rank l in  Alexander Messervey 

* F l e x i b l e  S e c t i o n s  Only 

Iowa 175 i n  Hamilton County was r e su r f aced  i n  1977. Iowa 89 

and Iowa 210 w e r e  r e su r f aced  i n  1978 and US 71 is scheduled 

t o  be r e s u r f a c e d  i n  1979. Although t h e  r e s u r f a c i n g  o f  t h e s e  

roads  i n t e r r u p t s  t h e  s easona l  v a r i a t i o n  d a t a ,  t hey  w i l l  be  

used t o  s tudy  t h e  i n c r e a s e  i n  s t r u c t u r a l  r a t i n g  provided by 

r e s u r f a c i n g .  

The tempera ture  a d j u s t e d  average d e f l e c t i o n  o f  s i x  ( 6 )  

of t h e s e  p r o j e c t s  was 36% g r e a t e r  i n  t h e  s p r i n g  o f  1978 than  

d u r i n g  t h e  d r y  summer o f  1977. The o l d e r  pavements o f  t h i n  

cross s e c t i o n  had a g r e a t e r  s e a s o n a l  v a r i a t i o n  than  t h e  newer, 

deeper  pavements. This  l i m i t e d  d a t a  is  d e p i c t e d  i n  Appendix B. 

Temperature Measurements 

Before  t h e  1977 t e s t i n g  season,  a Model R-380 AF Raytek 

i n f r a r e d  temperature  gun was purchased. Th i s  had t o o  h igh  a 

s c a l e  and was n o t  s a t i s f a c t o r y  a t  lower temperatures .  I t  was 

exchanged f o r  a Model R-380 RVF. I d e a l l y ,  w e  should de te rmine  

an  average temperature  f o r  t h e  pavement s t r u c t u r e .  Because 

o f  t h e  expense and t ime  involved i n  s ecu r ing  tempera tures  a t  

1 6  



va r ious  dep ths ,  it was deemed unnecessary f o r  i nven to ry  pur- 

poses .  The s u r f a c e  temperature  measured b y  i n f r a r e d  r ad i a -  

t i o n  provides  a p r a c t i c a l  way of a d j u s t i n g  f o r  temperature  

v a r i a t i o n s .  

Temperature V a r i a t i o n s  

Four p r o j e c t s  were s e l e c t e d  f o r  temperature  v a r i a t i o n  

s t u d i e s .  Roadways t e s t e d  f o r  temperature  v a r i a t i o n  i n  1977 

were: 
Route County From - TO 

1. R-38 S t o r y  A m e s  S l a t e r  
2 .  I a .  210 S t o r y  S l a t e r  US 69 
3.  S-14 S t o r y  E-63 Nevada 
4 .  I a .  175 Hamilton 1-35 Radc l i f  f e  

These roads  were t e s t e d  on a twice  d a i l y  b a s i s  (morning and 

a f t e r n o o n ) .  T e s t i n g  was scheduled on days  when weather f o r e -  

c a s t s  i n d i c a t e d  t h e  d e s i r e d  pavement t empera tures  would be 

ob ta ined .  

Bituminous pavements cons t ruc t ed  wi th  lower load c a r r y i n g  

c a p a c i t y  e x h i b i t e d  a much g r e a t e r  v a r i a t i o n  w i t h  tempera ture  

changes t han  d i d  pavements o f  b e t t e r  s t r u c t u r a l  des ign.  On 

one  p r o j e c t ,  t h e  mean d e f l e c t i o n  was 58% g r e a t e r  i n  t h e  a f t e r -  

noon than  i n  t h e  morning because o f  t empera ture  v a r i a t i o n .  

Road Rate r  D e f l e c t i o n s  and T h e o r e t i c a l  S t r u c t u r a l  Rat inqs  

T h e o r e t i c a l  s t r u c t u r a l  r a t i n g s  were c a l c u l a t e d ,  based on 

d e s i g n  t h i c k n e s s  and t y p e ,  w i t h  adjustments  f o r  d e t e r i o r a t i o n  



caused by age and t r a f f i c .  D i f f e r ences  i n  m a t e r i a l s ,  cons t ruc-  

t i o n  p r a c t i c e s ,  t r a f f i c  h i s t o r y  and subgrade so i l s  make a c c u r a t e  

de t e rmina t ion  o f  t h e o r e t i c a l  s t r u c t u r a l  r a t i n g s  very d i f f i c u l t .  

Road Rater  d e f l e c t i o n s  from 1977 and 1978 t e s t i n g  have 

been p l o t t e d  versus  t h e o r e t i c a l  s t r u c t u r a l  r a t i n g s  i n  F igure  7. 

T h i s  was used i n  r e l a t i n g  temperature  a d j u s t e d  d e f l e c t i o n s  t o  

s t r u c t u r a l  r a t i n g s  on t h e  nomograph (F igu re  8 ) .  The Road Rater  

d e f l e c t i o n s  a r e  a  better i n d i c a t i o n  o f  t h e  t r u e  " r e a l  world" 

s t r u c t u r a l  r a t i n g  than  t h e  t h e o r e t i c a l  c a l c u l a t e d  va lues .  

Development o f  Nomoqraph 

The nomograph (F igu re  8) was developed t o  c o r r e c t  t h e  

mean d e f l e c t i o n  t o  a  s t anda rd  80° F  pavement s u r f a c e  tempera- 

t u r e .  The 80° F s t a n d a r d  was s e l e c t e d  s i n c e  i t  is s l i g h t l y  

lower t han  t h e  median tempera ture  o f  t h e  summer inventory  

program. The nomograph is c o n s t r u c t e d  to  p rov ide  a  g r e a t e r  

t empera ture  adjustment  f o r  roads  w i th  a  l a r g e  d e f l e c t i o n  (and 

t h e r e f o r e ,  a  low s t r u c t u r a l  r a t i n g )  and less adjustment  f o r  

s t i f f e r  pavements 

Example 

The mean d e f l e c t i o n  f o r  a  p r o j e c t  is 3.37 m i l s .  En te r  

t h e  r i g h t  hand s c a l e .  The recorded s u r f a c e  temperature  was 

loo0 F  on t h e  l e f t  hand s c a l e .  Read t h e  d e f l e c t i o n  ( c o r r e c t e d  

t o  80° F) on t h e  l e f t  s i d e  o f  t h e  middle s c a l e  2.98 m i l s .  The 

s t r u c t u r a l  r a t i n g  ( r i g h t  s i d e  o f  middle s c a l e )  is 2.65. 
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Routine Pavement Tes t inq  

One hundred twenty-one Primary and eleven Secondary roads 

w e r e  rou t ine ly  t e s t e d  i n  1978 in accord with Tes t  Method 1009-A 

(Appendix A ) .  

The ob j ec t  of inventory t e s t i n g  is t o  e s t a b l i s h  a mean 

s t r u c t u r a l  r a t i n g  f o r  each sec t ion  of roadway. For s t a t i s t i -  

c a l  va l i d i t y ,  a minimum of 30 readings is required f o r  each 

sec t ion  of roadway. On longer p ro jec t s ,  a minimum of four 

(4)  readings is required f o r  each two-lane m i l e .  Indiv idual  

tes t  locat ions  a r e  spaced evenly throughout t he  p ro jec t  wi th  

tests in adjacent  lanes staggered. Locations a r e  referenced 

from roadway mileposts.  The r e s u l t s  a r e  reported t o  t h e  

Division of Planning and Programming and t o  t h e  Of f ice  of 

Road Design f o r  use i n  const ruct ion  programming and design of 

nominal resurfac ing thickness.  Appendix C l i s ts  t he  1978 r e s u l t s .  

Tes t inq  f o r  De t a i l  Desiqn 

D e t a i l  designing of patch areas ,  s t rengthening courses and 

changes i n  nominal resurfac ing thickness w i l l  r equ i re  more data  

than provided by t h e  rou t i ne  t e s t i n g  out l ined above. A g r ea t e r  

frequency of t e s t i n g  w i l l  be required. Additional tests would 

be needed t o  i s o l a t e  and def ine  areas  of d i f f e r e n t  s t r u c t u r a l  

r a t i ngs .  



Miscel laneous T e s t i n q  i 

I n  accord w i t h  r e s e a r c h  proposa ls  and Fede ra l  r e q u e s t s ,  I 
t es t  d a t a  was ga the red  f o r  va r ious  o t h e r  r e sea rch .  Th i s  

d a t a  was r e p o r t e d  t o  t h e  r e q u e s t o r s  f o r  t h e i r  a n a l y s i s  and 

use .  

Macadam Base 

T e s t  w e r e  run on D e s  Moines County X-31 (Research Pro- 

j e c t  HR-175) and US 6 near  Adel (Research P r o j e c t  HR-181) 

f o r  Macadam re sea rch .  Con t ro l  or comparison s e c t i o n s  were 

t e s t e d  i n  Linn County (Macadam b a s e ) ,  US 30 shou lde r s  i n  

Boone County and 1-35 shou lde r s  i n  Hamilton County. 

Recycled Aspha l t  
1 

I 
S p r i n g  and f a l l  tests were conducted on r ecyc l ed  a s p h a l t  I 

p r o j e c t s  b u i l t  i n  Kossuth County i n  1975 (HR-176), 1976 (HR-1008), 
I 

and 1977 (HR-188). They a r e  be ing  t e s t e d  annual ly .  1 

P o r t l a n d  Cement Concre te  T e s t i n q  

"D" Crack Study 

Eleven "D" cracked  pavements were t e s t e d  i n  1977 (Table  1). 

Areas w e r e  t e s t e d  nea r  t r a n s v e r s e  j o i n t s  (T.J.) and a t  mid- 

p a n e l  (M.P.). A s  expected,  d e f l e c t i o n s  u s u a l l y  w e r e  g r e a t e r  

n e a r  t h e  j o i n t s  t h a n  a t  mid-panel. 



Subgrade Study 

F i v e  (5 )  pavements w i th  d i f f e r e n t  subgrades were t e s t e d .  

The r e s u l t s  a r e  l i s t e d  i n  Table  11. 

Table I 

Road Rater "D" Crack Study Surmnary 

Stone 

90'-91' Stanzel 

84'-88" Stanzel 

100'-102" Stanzel 

92'-104' Menlo 

94" Men10 

100"-102' Menlo 

95'-106' Logan 

102' Logan 

100" Logan 

97"-98' Early Chapel 

93'-99' Early Chapel 

Road - co . - Dir. 

Year - 
1975 

1971 

1969 

1972 

1968 

1964 

1970 

1968 

1964 

1975 

1968 

T.J. Mean (mils1 

1.0187 

1.5047 

1.0253 

1.1834 

1.5913 

0.9419 

0.9615 

1.1500 

0.8409 

0.9853 

0.8447 

3 . P .  Mean (mils) 

0.9404 

0.9620 

0.9357 

1.0826 

1.2953 

0.8637 

0.9303 

1.1405 

0.7438 

1.0193 

0.7764 

Table 11 

Road Rater Subgrade Study 

T.J./M.P. Ratio - 
1.08 

1.56 

1.10 

1.09 

1.23 

1.09 

1.03 

1.01 

1.13 

0.88 

1.39 

Select Soil Moisture b Density M b D Select Combined 
T.J. A T. J. M.P. T.J. M.P. T.J.  M. P. 

*Only four readings. 



Proposed T e s t i n s  i n  1979 

During 1979, p l a n s  a r e  t o  l i m i t  t h e  r o u t i n e  t e s t i n g  t o  

t h o s e  f l e x i b l e  highways t h a t  a r e  under  c o n s i d e r a t i o n  f o r  

r e s u r f a c i n g  i n  t h e  n e x t  t w o  o r  t h r e e  y e a r s .  

The Iowa DOT Aeronaut ics  D i v i s i o n  has  r eques t ed  a i r p o r t  

runway t e s t i n g .  Th i s  would i n c l u d e  most o f  t h e  f l e x i b l e  

b a s e  runways on g e n e r a l  a v i a t i o n  a i r p o r t s .  



Appendix A 

Method of Tes t  f o r  Determining Pavement Deflect ion 
Using t he  Road Rater 





l ' r a t  M.:tliod 110. low:$ 1009-A 
June 1977 

IOWh Di?PARPMI:PIT OF TMM:iPOIWATION 
IiICIIWAY DIVISION 

O f f i c e  o f  M a t e r i a l s  

METllOD OF TEST FOll DETERMINING PAVEMENT DEFLECTION 
USING TLIE ROAD RATER 

The Road Rater  is an  c l c c t r o n i c a l l y  con- 
t r o l l e d .  h y d r a u l i c a l l y  powered u n i t  
mounted on t h e  f r o n t  o f  a van type  ve- 
h i c l e .  The u n i t  i n p u t s  e dynamic f a r c e  
i n t o  t h e  pavement and measures t h e  move- 
ment o f  t h e  s u r f a c e  us ing  v e l o c i t y  sen- 
sors. This  v e l o c i t y  i s  i n t e g r a t e d  t o  
show d i sp lacement  which is r e f e r r e d  to 
a s  pavement d e f l e c t i o n  which is a 
measure o f  s t r u c t u r a l  adoquacy. The 
pavement d e f l e c t i o n  d a t a  can b e  used to 
p r e d i c t  t h e  performance o f  t h e  s u r f a c e ,  
t h e  r i o b a b l e  maintenance requ i red ,  and 
t h e  r e s u r f a c i n g  needed t o  r e s t o r e  t h e  
s u r f a c e  t o  r e q u i r e d  s t r u c t u r a l  capa- 
b i l i t y .  

Procedure 

A. Apparatus  

1. Road Ra te r  (F igure  1: 
2. A i r  PIeSSltre Gauge 
3. Temperature equipment (Raytek 

I n f r a r e d  gun or thermocouple) 
4 .  S a f e t y  Support  Vehic les  

B. T e s t  Record Form 

O r i g i n a l  d a t a  is recorded on a 
d a t a  p rocess ing  i n p u t  form (see 
example o n  Page 4  I . I £  a v a i l -  
a b l e  t h e  fo l lowing  d a t a  should 
b e  recorded:  

1. The numeric d e s i g n a t i o n  o f  t h e  
county  

2 .  The highway system: P-primary. 
S-secondary, 1 - i n t e r s t a t e  

3. The s t a t e  o r  county  m u t e  
d e s i g n a t i o n  

4 .  Uerlinning and ending milo- 
p o s t  on t h e  pr imary system 
or mileage dcs ignn t fon  on 
t h e  aocondary system. 

5. D i r e c t i o n  of t h o  l a n e  being 
t e s t e d  

6. Pavement Type: PC-Portland, 
cenlcnt concrr.1 c .  nc-Asphal t ic  
C O l l ~ ~ a t e ,  SC-sea1 c o a t  

Date t e s t e d :  May 4 ,  1977 - 050477 
Time: When t e s t i n g  beg ins  based on 
a 24 he. c lock  
Lab Number and Year B u i l t  
Observer: The person o p e r a t i n g  t h e  
Road Rater  
Weather: C1-cloudy, S-sunny. PC- 
p a r t l y  c loudy,  C- r lee r  
H i s t o r y  by year  and s t r u c t u r a l  *I 

r a t i n g  
The l o c a t i o n  (by t . ; i lepost  or odo- 
m e t e r ) ,  range (Road h a t e r  conso le  
s e l e c t i o n ) ,  sensor 1 ( p c r  c e n t  o f  
mete r ) ,  sensor  2 ar.d remarks (an 
i d e n t i f i c a t i o n  o f  a complete re- 
mark shorn a t  t h e  hottom) . 
Remarks should inciude:  l ane  de- 
s i g n a t i o n  on m u l t i l a n e  roadways, 
a i r  and s u r f a c e  temperatures ,  
f i x e d  re fe rences  and unusual  
c o n d i t i o n s .  

C. T e s t  Procedures  

1. Determination o f  t e s t i n g  f r e -  
quency 

a. A minimum of 30 i n d i v i d u a l  
t e s t s  s h a l l  b e  ob ta ined  p e r  
t e s t  s e c t i o n  when inven- 
to ry ing .  A minimum o f  50 
i n d i v i d u a l  t e s t s  a r e  needed 
f o r  s p e c i a l  e v a l u a t i o n  o f  a 
g iven  roadway. 

1. Under 8 miles a d j u s t  
Spaclnq to o b t a i n  n 
minimum of 30 test*. 

2. For t e s t  s e c t i o n s  
Orea te r  th.7" R m i l e s  
i n  l cnv th  :t minimam 
<,i 4 t e s t s  s h ~ a l l  he  
made f o r  c . ~ c h  two-lane m i l e .  

3. T e s t s  of a~ i la r , -n t  l a n o s  s h a l l  
bc s t a q q e r r d  and ~ ' v r n l y  spaced 
to uhta in  a n t ; ~ s i m ~ m ~  reprcsontG- 
t i e n  o f  I ' V  ro.tlIw.ly. 
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b. Test ing frequency s h a l l  be  as  
noted o r  a s  d i rec ted  by the  
engineer fo r  spec ia l  t e s t  
sect ions.  

2. Preparat ion p r i o r  t o  t e s t i n g  

a. Open overhead engine com- 
partment vent. 

b. Check engine o i l  leve l .  

c .  S t a r t  t he  engine and allow t o  
run f o r  a f i v e  minute warm- 
up period. 

d. Check a i r  pressure in  t he  
two upper a i r  spr ings  with 
a good t i r e  a i r  pressure 
gauge. Add air i f  required 
to br ing  t h e  spring pressure 
to  50+5 p s i .  

e .  Check a i r  pressure i n  t h e  s i x  
cen te r  a i r  springs. This 
check must be made with t h e  
small valve t h a t  separa tes  
t he  two s e t s  of a i r  springs 
i n  t h e  open pos i t ion  (clock- 
wise t o  open). Add a i r  a s  
may be required t o  b r ing  
t h i s  pressure t o  40+5 ps i .  
Close the  small valve 
(counter-clockwise) u n t i l  
f inger - t ight .  

f .  I n s t a l l  t he  channel t h a t  
holds the  sensors i n  t h e  
recess  a t  t he  base of  t he  
foot .  Lock t h e  channel 
i n  place with s e t  screws. 
For normal operat ion,  only 
sensor No. 1 and No. 2 w i l l  
be  used. Secure t h e  elec-  
t r i c a l  connections t o  t h e  
r ecep t i c l e s  designated fo r  
No. 1 and No. 2. 

g.  On the  console ( f igu re  2)  
within the  vehic le  place 
t h e  power switch t o  
"monitor". Hold the  func- 
t i o n  switch t o  "elevate". 
Hold the  movement switch i n  
t h e  " r a i se"  pos i t ion  u n t i l  
t h e  e leva tor  cy l inders  a r e  
*fu l l  UP" aga ins t  t he  s tops.  

Page 2 

h. With the  u n i t  i n  the ' f u l l  
up'' condition l i f t  the 
upper lock r ings  on the 
e leva tor  cy l inders  and 
remove the  two s e t s  of 
mechanical locking tubes. 

i. With the power switch t o  
"monitor" and the function 
switch held t o  "elevate",  
hold the  movement switch 
t o  "lower" u n t i l  t he  u n i t  
has been Lowered s u f f i -  
c i e n t l y  t o  e leva te  the van. 
Maintain these switch po- 
s i t i o n s  u n t i l  no motion is 
evident (allow about 5 
seconds) . 

j .  With the  function switch 
held t o  "elevate" and the  
movement switch held to 
"lower", read t h e  system 
hydraulic pressure on t h e  
gauge. The pressure should 
be 600+25 ps i .  

k. Se t  the frequency cont ro l  a t  
25 Hertz. 

Eigure  1 

The Road Rater 
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1. Place the  function switch t o  
v ib ra t e  and s e t  meter No. 4 
to read 58 by adjust ing wi th  
t h e  " leve l"  control .  

m. Observe t h e  reading on Meter 
NO. 1. 

n. Repeat s t eps  g .  i, 1 and m 
t o  check the  ref iea tabi l i ty  
of the s e t t i n g .  

0. Raise t h e  u n i t  t o  t he  " f u l l  
up" pos i t ion .  

p. Stop t h e  engine and check the  
l eve l  of hydraulic  o i l  i n  t he  
reservoi r .  use clean "Aero- 
s h e l l  F lu id  4"  to  bring the 
l e v e l  t o  between 1 and 2 
inches from the  top  of t he  
reservoi r .  

3. Test ing Operation 

a. With t h e  engine running, 
pos i t ion  the  Road Rater foo t  
over t h e  ou t s ide  wheel t rack 
a t  t h e  predetermined longi- 
tudina l  locat ion.  

b. Place t h e  vehic le  i n  t h e  
"park posi t ion".  

c. Laver t h e  u n i t  s u f f i c i e n t l y  
t o  e l eva te  t h e  van, maintain 
t h e  switch pos i t ions  fo r  
about 5 seconds u n t i l  no 
motion is evident.  

d. With the  power switch in  
"monitor" and t h e  function 
switch i n  "vibrate" ve r i fy  a  
58 per  cen t  reading on meter 
NO. 4. 

e. Se l ec t  a  range t h a t  w i l l  y i e ld  
a reading between 50 and 100 
on meter No.  1. 

f .  Record the lane,  milepost,  
range and readings f o r  sensor 
#1 and #2. Note any changes 
i n  surface type. 

g. Raise t h e  u n i t  and proceed t o  
t h e  next t e s t  locat ion.  

4. After t e s t i ng  operation 

a .  When t rave l ing  between 
t e s t i n g  locat ions assure 
t h a t  the e leva tor  cy l inders  
remain in  t he  up posi t ion.  
I f  t rave l ing  more than 2 
miles without t e s t ing ,  en- 
gage the  mechanical locking 
tubes and "lower" the  u n i t  
t o  secure them. 

b .  Upon completion of t e s t i n g ,  
remove the channel holding 
t h e  sensors. 

D. Precautions 

1. Do not move the  vehicle with the 
u n i t  i n  the down pos i t ion .  A 
red l i g h t  on the  console indica tes  
t h a t  t he  t e s t i n g  u n i t  is too low 
t o  t rave l .  

2. Before moving onto the  t raveled 
port ion of t he  roadway, insure  
that  a l l  t r ave l ing  s a f e t y  is. as  
required by the  Tra f f i c  Engi- 
neering layout. Be su re  t h a t  
t h e  required s igns  a r e  i n  po- 
s i t i o n  and t h a t  a l l  warning 
l i g h t s  a r e  functioning. 

3. Read the Road Rater "Owners 
Manual Operations and Mainten- 
ance Guide'' before operat ing 
the  unit .  

Figure 2 

The cont ro l  console of the Road Rater 
showing the  se l ec t ion  con t ro l s  and 

d isp lay  meters. 
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Appendix- B 

Seasonal Variation Trends From 1977-1978 Study Data 
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SEASONAL VARIATION 
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Appendix C 

Table of S t r u c t u r a l  Ratings From 1978 Routine Tes t ing  
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